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1
DEPTH BASED CONTEXT IDENTIFICATION

FIELD OF THE INVENTION

The present invention is related to recognizing voice com-
mands using pose or gesture information to increase the accu-
racy of speech recognition.

BACKGROUND OF THE INVENTION

A driver or a passenger of a vehicle typically operates
various devices in the vehicle using switches, screens, key-
pads or other input mechanism using fingers or hands. Such
input mechanisms may be used to operate, for example, a
navigation system, an entertainment system, a climate system
or a phone system. Sometimes, a complicated series of opera-
tions must be performed on the input mechanism to issue a
desired command to the devices. However, it is preferable for
the driver to keep both hands on a steering wheel and operate
these input devices by a hand intermittently for only a brief
period of time. Depending on the complexity of the opera-
tions, it may take multiple attempts to operate the input
devices before the driver can perform operations as desired.

Hence, it is advantageous to use a mode of operation that
makes less use of a driver’s hands. One mode of such opera-
tion is speech recognition. Speech recognition is the process
of converting an acoustic signal to speech elements (e.g.,
phonemes, words and sentences). Speech recognition has
found application in various areas ranging from telephony to
vehicle operation. In a speech recognition system, the audio
signal is collected by input devices (e.g., a microphone),
converted to a digital signal, and then processed using one or
more algorithms to output speech elements contained in the
audio signal. Depending on the field of application, the rec-
ognized speech elements can be the final results of speech
recognition or intermediate information used for further pro-
cessing.

One of the issues in using voice recognition in vehicles is
that similar or the same verbal commands may be used for
different devices. Sharing of similar or the same verbal com-
mands causes ambiguity in verbal commands. For example, a
command such as “locate XYZ” may indicate the locating of
a particular point-of-interest (POI) in the context of naviga-
tion whereas the same command may also indicate identifi-
cation of a sound track in an entertainment system. If the
context of the user’s command is not properly identified,
operations other that what are intended by the user may be
carried out by the devices in the vehicle.

Unintended operations and time spent in subsequent reme-
dial actions due to ambiguous verbal command may deterio-
rate user experience and cause the user to revert to manual
operations.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide a system or
a method of recognizing verbal commands based on the pose
or gesture of a user. One or more devices among a plurality of
devices that are likely to be targeted by the user for an opera-
tion are selected by gesture information representing the pose
or gesture of the user. A plurality of verbal commands asso-
ciated with the one or more devices targeted by the user are
selected based on the received gesture information. An audio
signal is processed using the selected plurality of verbal com-
mands to determine a device command for operating the one
or more devices.
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In one embodiment of the present invention, a depth cam-
era is used for capturing at least one depth image. Each ofthe
depth images covers at least a part of the user and comprises
pixels representing distances from the depth camera to the at
least part of the user. The at least one depth image is processed
to determine the pose or gesture of the user. The gesture
information is generated based on the recognized pose or
gesture.

In one embodiment, the at least part of the user comprise a
hand or a forearm of the user.

In one embodiment, the depth camera is installed in an
overhead console in a vehicle with a field of view covering the
user.

In one embodiment, the plurality of devices comprise at
least a navigation system and an entertainment system in a
vehicle.

In one embodiment, the gesture information indicates
whether a hand or forearm of a user is located within a
distance from the depth camera or beyond the distance from
the depth camera. A first set of verbal commands is selected
responsive to the gesture information indicating that the hand
or the forearm is located within the distance. A second set of
verbal commands is selected responsive to the gesture infor-
mation indicating that the hand or the forearm is located
beyond the distance.

In one embodiment, the first set of verbal commands is
associated with performing navigation operations in a
vehicle. The second set of verbal commands is associated
with operating an entertainment system, a climate control
system or a diagnostic system.

The features and advantages described in the specification
are not all inclusive and, in particular, many additional fea-
tures and advantages will be apparent to one of ordinary skill
in the art in view of the drawings, specification, and claims.
Moreover, it should be noted that the language used in the
specification has been principally selected for readability and
instructional purposes, and may not have been selected to
delineate or circumscribe the inventive subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

The teachings of the present disclosure can be readily
understood by considering the following detailed description
in conjunction with the accompanying drawings.

FIG. 1A is a side view of a vehicle equipped with a com-
mand processing system, according to one embodiment.

FIG. 1B is a top view of the vehicle of FIG. 1A, according
to one embodiment.

FIG. 21is ablock diagram of a command processing system,
according to one embodiment.

FIG. 3 is a block diagram of a speech recognition module,
according to one embodiment.

FIG. 4 is a conceptual diagram illustrating a search region
for a point-of-interest, according to one embodiment.

FIG. 5 is a flowchart for a method of performing speech
recognition based on depth images captured by a camera,
according to one embodiment.

DETAILED DESCRIPTION OF THE
DISCLOSURE

A preferred embodiment is now described with reference
to the figures where like reference numbers indicate identical
or functionally similar elements.

Reference in the specification to “one embodiment™ or to
“an embodiment” means that a particular feature, structure, or
characteristic described in connection with the embodiments
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is included in at least one embodiment. The appearances of
the phrase “in one embodiment” in various places in the
specification are not necessarily all referring to the same
embodiment.

Some portions of the detailed description that follows are
presented in terms of algorithms and symbolic representa-
tions of operations on data bits within a computer memory.
These algorithmic descriptions and representations are the
means used by those skilled in the data processing arts to most
effectively convey the substance of their work to others
skilled in the art. An algorithm is here, and generally, con-
ceived to be a self-consistent sequence of steps (instructions)
leading to a desired result. The steps are those requiring
physical manipulations of physical quantities. Usually,
though not necessarily, these quantities take the form of elec-
trical, magnetic or optical signals capable of being stored,
transferred, combined, compared and otherwise manipulated.
It is convenient at times, principally for reasons of common
usage, to refer to these signals as bits, values, elements, sym-
bols, characters, terms, numbers, or the like. Furthermore, itis
also convenient at times, to refer to certain arrangements of
steps requiring physical manipulations of physical quantities
as modules or code devices, without loss of generality.

However, all of these and similar terms are to be associated
with the appropriate physical quantities and are merely con-
venient labels applied to these quantities. Unless specifically
stated otherwise as apparent from the following discussion, it
is appreciated that throughout the description, discussions
utilizing terms such as “processing” or “computing” or “cal-
culating” or “determining” or “displaying” or “determining”
or the like, refer to the action and processes of a computer
system, or similar electronic computing device, that manipu-
lates and transforms data represented as physical (electronic)
quantities within the computer system memories or registers
or other such information storage, transmission or display
devices.

Certain aspects of the embodiments include process steps
and instructions described herein in the form of an algorithm.
Itshould be noted that the process steps and instructions could
be embodied in software, firmware or hardware, and when
embodied in software, could be downloaded to reside on and
be operated from different platforms used by a variety of
operating systems.

Embodiments also relates to an apparatus for performing
the operations herein. This apparatus may be specially con-
structed for the required purposes, or it may comprise a gen-
eral-purpose computer selectively activated or reconfigured
by a computer program stored in the computer. Such a com-
puter program may be stored in a computer readable storage
medium, such as, but is not limited to, any type of disk
including floppy disks, optical disks, CD-ROMs, magnetic-
optical disks, read-only memories (ROMs), random access
memories (RAMs), EPROMs, EEPROMs, magnetic or opti-
cal cards, application specific integrated circuits (ASICs), or
any type of media suitable for storing electronic instructions,
and each coupled to a computer system bus. Furthermore, the
computers referred to in the specification may include a
single processor or may be architectures employing multiple
processor designs for increased computing capability.

The algorithms and displays presented herein are not inher-
ently related to any particular computer or other apparatus.
Various general-purpose systems may also be used with pro-
grams in accordance with the teachings herein, or it may
prove convenient to construct more specialized apparatus to
perform the required method steps. The required structure for
a variety of these systems will appear from the description
below. In addition, the embodiments are not described with
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reference to any particular programming language. It will be
appreciated that a variety of programming languages may be
used to implement the teachings as described herein, and any
references below to specific languages are provided for dis-
closure of enablement and best mode.

In addition, the language used in the specification has been
principally selected for readability and instructional pur-
poses, and may not have been selected to delineate or circum-
scribe the inventive subject matter. Accordingly, the disclo-
sure is intended to be illustrative, but not limiting, of the
scope, which is set forth in the following claims.

Embodiments relate to selecting or pruning applicable ver-
bal commands associated with speech recognition based on a
user’s motion or gesture detected from a depth camera.
Depending on the depth of the user’s hand or forearm relative
to the depth camera, the context of the verbal command is
determined and one or more command dictionaries corre-
sponding to the determined context are selected. Speech rec-
ognition is then performed on an audio signal using the
selected command dictionaries. By using command dictio-
naries depending on the context, the accuracy of the speech
recognition is increased.

As used herein, the term “user” includes a driver of a
vehicle as well as a passenger. The user may be anyone
attempting to control one or more devices in the vehicle.

Asused herein, a “pose” refers to the configuration of body
parts of a user. The pose may, for example, indicate relation-
ships of a hand and a forearm of the user relative to other body
parts or a reference point (e.g., a camera).

As used herein, a “gesture” refers to a series of configura-
tion of body parts of a user that changes with progress of time.
The gesture, for example, may include a series of arm and
hand movement pointing to a direction.

As used herein, a “device command” refers to an instruc-
tion for operating or controlling a device. The device com-
mand may be received and interpreted by the device to per-
form a certain operation or a set of operations.

Asused herein, a “navigation operation” refers to an opera-
tion by a user for using a computing device (e.g., an onboard
telematics device) to identify, locate, choose or obtain infor-
mation for driving to a destination. For example, the naviga-
tion operation may include providing user input to select an
address or point of interest, and choosing an address or point
of interest displayed as a result of providing the user input.
Overview of Vehicle Equipped with Verbal Command Sys-
tem

FIGS. 1A and 1B illustrate a vehicle 100 equipped with a
command processing system, according to one embodiment.
The command processing system may include, among other
components, a central processing unit 120 and an overhead
console unit 110. The command processing system may be
connected to other components (e.g., a navigation system and
an entertainment system) of the vehicle 100 to perform vari-
ous operations. The command processing system recognizes
verbal commands based on a user’s motion or gesture, as
described below in detail with reference to FIGS. 3 and 4.

The central processing unit 120 processes an audio signal
to detect a user’s verbal commands included in the audio
signal. The central processing unit 120 is connected to other
components such as a cabin system (e.g., a navigation system,
entertainment system, climate control system and diagnostic
system). The central processing unit 120 controls these
devices based on verbal commands received from the user.
The central processing unit 120 may be a stand-alone device
or may be a part of a larger system (e.g., telematics system).
The central processing unit 120 is described below in detail
with reference to FIG. 2.
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The central processing unit 120 may be placed at any
locations within the vehicle 100. As illustrated in FIGS. 1A
and 1B, the central processing unit 120 may be located at the
center console of the vehicle 100. Alternatively, the central
processing unit 120 may be installed within the dashboard of
the vehicle 100. Further, the central processing unit 120 may
also be installed on the ceiling of the vehicle.

The overhead console unit 110 is located at the ceiling of
the vehicle interior and includes sensors (e.g., microphone
and camera) to capture depth images of the user and detect
audio signals, as described below in detail with reference to
FIG. 2. The overhead console unit 110 may include various
other components such as a garage opener. The sensors of the
overhead console unit 110 communicate with the central pro-
cessing unit 120 to provide signals for detecting the user’s
verbal command.

The communication between the sensors of the overhead
console unit 110 and the central processing unit 120 can be
established by any wired or wireless communication medium
currently used or to be developed in the future.

Example Command Processing System

FIG. 2 is a block diagram illustrating the command pro-
cessing system 200, according to one embodiment. The com-
mand processing system 200 may include, among other com-
ponents, a processor 210, an output interface 214, an input
interface 218, memory 240 and a bus connecting these com-
ponents. The command processing system 200 may also
include a depth camera 222 and a microphone 260. The depth
camera 222 and the microphone 260 are connected to the
input interface 218 via channels 220, 262. Although not illus-
trated in FIG. 2, the command processing system 200 may
include more than one depth camera or microphone.

The processor 210 executes instructions stored in the
memory 240 and processes the sensor data received via the
input interface 218. Although only a single processor 210 is
illustrated in FIG. 2, more than one processor may be used to
increase the processing capacity of the command processing
system 200.

The output interface 214 is hardware, software, firmware
or a combination thereof for sending data including device
commands to other devices such as a navigation system, an
entertainment system, a climate control system and a diag-
nostic system via communication channels. To send the data,
the output interface 214 may format and regulate signals to
comply with predetermined communication protocols.

The input interface 218 is hardware, software, firmware or
a combination thereof for receiving the sensor signals from
the overhead console unit 110. The sensor signals include the
depth images received via channel 220, and the audio signals
received via channel 262. The input interface 218 may buffer
the received sensor signals and perform pre-processing on the
sensor signals before forwarding the sensor signals to the
processor 210 or the memory 240 via bus 268.

The depth camera 222 captures the depth images of the
driver and sends the depth images to the input interface 218
via the channel 220. The depth camera 222 may be embodied
as a time-of-flight (TOF) camera, a stereovision camera or
other types of cameras that generate depth images including
information on distance to different points of objects within
its field of view. The stereovision camera uses two lenses to
capture images from different locations. The captured images
are then processed to generate the depth images. In one
embodiment, the depth camera 222 generates grayscale
images with each pixel indicating the distance from the depth
camera 222 to a point of an object (e.g., the driver) corre-
sponding to the pixel.
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Referring to FIG. 1A, the depth camera 222 is installed on
the overhead console unit 110 and has a field of view 116
overlooking the driver of the vehicle 100. By installing the
depth camera 222 on the overhead console unit 110, the depth
camera 222 advantageously has an unobstructed view of the
driver and the center console of the vehicle 100. Further, the
depth of the driver’s hand or arm relative to the depth camera
222 provides indication of the operations intended by the
driver, as described below in detail with reference to the
gesture recognition module 252.

The microphone 260 senses acoustic waves and converts
the acoustic waves into analog electric signals. The micro-
phone 260 includes an analog-to-digital (A/D) converter for
converting the analog electric signals into digital signals. The
converted digital signals are sent to the input interface 218 via
the channel 262. Alternatively, the A/D converter may be
included in the input interface 218. In this case, the micro-
phone 260 sends analog electric signals to the input interface
218 via the channel 262 for conversion to digital signals and
further processing.

The memory 240 stores instructions to be executed by the
processor 210 and other data associated with the instructions.
The memory 240 may be volatile memory, non-volatile
memory or a combination thereof. The memory 240 may
store, among other software modules, a command format
module 244, a gesture recognition module 252 and a speech
recognition module 256. The memory 240 may include other
software modules such as an operating system, the descrip-
tion of which is omitted herein for the sake of brevity.

The gesture recognition module 252 detects the driver’s
gestures or motions based on the depth images captured by
the depth camera 222. In one embodiment, the gesture rec-
ognition module 252 detects the location and/or motions of
the hand or forearm to determine the context of verbal com-
mands. In one embodiment, the gesture recognition module
252 determines the location of the driver’s hand or forearm
relative to the depth camera 222. If the driver’s hand or
forearm is closer to the depth camera 222 (i.e., the distance
from the depth camera 222 to the hand or forearm is below a
threshold), for example, the driver is likely to be taking
actions or making gestures associated with navigation opera-
tions (e.g., pointing a finger towards a direction outside the
window). To the contrary, if the driver’s hand or forearm is
away from the depth camera 222 (i.e., the distance from the
depth camera 222 to the hand or the forearm is at or above the
threshold), the driver is likely to be taking actions or making
gestures associated with other control functions typically pro-
vided in the center console (e.g., operate an entertainment
system and climate control system).

The gesture recognition module 252 may employ a com-
puting algorithm that clusters groups of pixels in the depth
images and tracks the locations of these groups with progress
of time to determine the driver’s motions or gesture. The
pixels may be clustered into groups based on the proximity of
the two-dimensional distance of pixels and the depth differ-
ence of the pixels. The gesture recognition module 252 may
also store a model of human body and map the groups of
pixels to the stored model to accurately detect and track the
locations of the hand and/or forearm.

In one embodiment, the gesture recognition module 252
may further detect the location of the driver’s hand with a
higher resolution to determine the device associated with the
driver’s operation. If the center console of the vehicle has
switches or knobs for operating the entertainment system at
the middle of the center console and switches for a climate
control system at both sides, the location of the driver’s hand
around the middle of the center console indicates that the



US 9,092,394 B2

7

driver is engaged in operations of the entertainment system. If
the driver’s hand is closer to the sides of the center console
than the middle portion of the center console, the driver is
more likely to be engaged in operations of the climate control
system. Hence, the command processing system 200 may use
the gesture information on the specific location of the hand at
the time verbal commands are issued by the driver to deter-
mine a device associated with the verbal commands.

The speech recognition module 256 determines the verbal
command issued by the driver. To determine the verbal com-
mand, the speech recognition module 256 receives gesture
information about the driver’s gesture from the gesture rec-
ognition module 252, as described below in detail with ref-
erence to FIG. 3.

The command format module 244 translates the verbal
commands detected at the speech recognition module 256
into device commands for operating devices installed in the
vehicle 100. Each device installed in the vehicle 100 may
require commands to be provided in a different format.
Hence, the command format module 244 translates the com-
mands into a format that can be processed by each device.
Further, the command format module 244 may request fur-
ther information from the driver if the issued verbal command
is unclear, ambiguous or deficient. Such request for further
information may be made via a speaker. The command format
244 may also combine the information from the gesture rec-
ognition module 252 to generate a device command, as
described below in detail with reference to FIG. 4.

The command format module 244, the gesture recognition
module 252 and the speech recognition module 256 need not
be stored in the same memory 240. For example, the gesture
recognition module 252 may be stored in memory in an
overhead console unit whereas speech recognition module
256 and the command format module 244 may be stored in
memory in a center console unit. Further, one or more of these
modules may be embodied as a dedicated hardware compo-
nent.

Example Architecture of Speech Recognition Module

FIG. 3 is a block diagram illustrating components of the
speech recognition module 256, according to one embodi-
ment. The speech recognition module 256 may include,
among other components, a gesture recognition interface
312, a command extraction module 316 and a command
dictionary 320. The speech recognition module 256 may also
include other modules such as a history management module
that retains the list of verbal commands previously issued by
a user.

The gesture recognition interface 312 enables the speech
recognition module 256 to communicate with the gesture
recognition module 252. In one embodiment, the gesture
information received from the gesture recognition module
252 via the gesture recognition interface 312 indicates the
location of the driver’s hand or forearm.

The command dictionary 320 includes commands associ-
ated with various devices of the vehicle 100. The command
dictionary 320 includes a plurality of dictionaries 320A
through 320N, each associated with a device or system of the
vehicle 100. For example, dictionary 320A stores commands
associated with the operation of a navigation system, dictio-
nary 320B stores commands associated with the operation of
an entertainment system, and dictionary 320C stores com-
mands associated with a climate control system.

The command extraction module 316 extracts the verbal
commands included in the audio signal based on the gesture
data and commands stored in selected command dictionaries
320. After the gesture information is received, the command
extraction module 316 selects one or more dictionaries based
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on the location of the user’s hand or forearm as indicated by
the gesture information. If the gesture data indicates that the
user’s hand or forearm is at a certain pose, dictionaries asso-
ciated with devices in the vicinity of the driver’s hand or
forearm are selected for command extraction. For example, if
the user’s hand is within a certain distance from an entertain-
ment system, a dictionary (e.g., dictionary 320B) associated
with the entertainment system is selected for command
extraction.

Conversely, if the driver’s hand or forearm is away from
these devices and is raised above a certain level (i.e., raised
above the dashboard) at the time the verbal commands are
issued, the command extraction module 316 determines that
the verbal commands are associated with the navigation sys-
tem. Hence, the command extraction module 316 selects and
uses a dictionary (e.g., dictionary 320A) associated with the
navigation operation to perform speech recognition.

Inone embodiment, the verbal command recognized by the
command extraction module 316 is combined with gesture
information to generate navigation commands at the com-
mand format module 244. The gesture information may indi-
cate, for example, the orientation of the driver’s finger, as
described below in detail with reference to FIG. 4.

The command extraction module 316 may use more than
one dictionary to extract the verbal commands. If the hand of
the user is located around the center console, dictionaries
associated with any devices (e.g., the entertainment system or
the climate control system) that can be operated at the center
console may be selected.

In one embodiment, the command extraction module 316
assigns probability weights to commands based on the loca-
tion of the user’s hand or forearm. The command extraction
module 316 uses a statistical model that computes probabili-
ties of spoken verbal commands based on phonemes appear-
ing in a sequence. The statistical model may include param-
eters that take into account of the location of the hand or
forearm in determining the most likely command intended by
the driver.

The speech recognition module 256 of FIG. 3 is merely
illustrative. Various modifications can be made to the speech
recognition module 256. For example, instead of having mul-
tiple dictionaries, the command dictionary 320 may map each
of a plurality of commands to one or more devices.
Example Detecting Point-of-Interest Using Gesture and Ver-
bal Command

By using a combination of hand gesture and a voice com-
mand, a user can conveniently identify a point-of-interest or
destination. While pointing to a point-of-interest or destina-
tion, the user can utter a command requesting the navigation
system to identify and/or set a point-of-interest. The com-
mand format module 244 may combine the commands rec-
ognized from speech and parameters extracted from the ges-
ture information to generate a navigation command.

FIG. 4 is a conceptual diagram illustrating a search region
for a point-of-interest, according to one embodiment. In FIG.
4, the driver wishes to navigate to building 410 or wants to
identify the name or address of building 410. The driver states
averbal command “identify that building” while pointing his
finger towards the building 410. Due to various inaccuracies,
the gesture recognition module 252 may detect that the driver
is pointing his finger in direction O-A (shown in a dashed
line).

In response, the speech recognition module 256 receives
gesture information from the gesture recognition module 252
indicating that the user’s arm and forearm is raised. The
speech recognition module 256 determines that the verbal
command is associated with a navigation system (since the
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hand and forearm is raised) and uses a dictionary associated
with the navigation system to recognize the verbal command.
The speech recognition module 256 sends the identified ver-
bal command to the command format module 244.

The command format module 244 receives the verbal com-
mand, analyzes the verbal command and determines that the
phrase “that building” needs further clarification. The com-
mand format module 244 analyzes the gesture information
and uses a parameter in the gesture information indicating the
orientation (indicated by line O-A) of the user’s finger to
generates device command requesting the navigation system
to identify any points-of-interest in the direction of line O-A.
For example, the parameter may be angle 6 relative to the
front direction of the vehicle 100.

The navigation system receives the device command, and
establishes a search cone represented by O-B-C-O. The
search cone has a height of R indicating the search radius
(e.g., 10 miles) and has a cone angle of 2c.. The cone angle 2c
may be increased to expand the search or to allow increased
tolerance for errors. The navigation system performs the
search within the search region identified by the search cone,
taking into account vehicle speed and the direction of the
vehicle movement. In one embodiment, priority is given to
the points of interest that are closer to the vehicle. In one
embodiment, the navigation system presents a list of points-
of-interest found within the search region to the user. The user
may then indicate the point-of-interest from the searched list
and request further actions (e.g., navigate to the point-of-
interest or make a phone call to the point-of-interest).
Example Method of Recognizing Verbal Commands Based
on Gesture Data

FIG. 5 is a flowchart illustrating a method of recognizing
verbal commands based on a driver’s motions or gesture,
according to one embodiment. The command processing sys-
tem 200 generates 506 depth images using the depth camera
222. Using the generated depth images, the command pro-
cessing system 200 generates 510 gesture information of the
user. The gesture information may indicate, among other
things, the location of hands or forearms of the user relative to
the depth camera 222.

Based on the gesture information, the command process-
ing system 200 selects 514 one or more dictionaries for rec-
ognizing verbal commands. Each dictionary may include
commands for a certain system or device in the vehicle 100.

The command processing system 200 also generates a
digital audio signal representing the driver’s utterance based
on an acoustic signal received at the microphone 260.

After the applicable dictionary or dictionaries are selected,
the command processing system 200 performs 518 speech
recognition on the generated audio signal using one or more
selected dictionaries. By limiting or pruning applicable ver-
bal commands based on the gesture information indicating
the user’s pose or gesture at the time the verbal commands are
spoken, the accuracy of the speech recognition can be
increased.

After a verbal command is generated, the command pro-
cessing system 200 generates 522 a device command corre-
sponding to the verbal command by translating the verbal
command into the device command. If needed, the command
processing system 200 may add, modify or request informa-
tion for generating the device command.

The processes and their sequence as illustrated in FIG. 5§
are merely illustrative. Various modifications can be made to
the processes and/or the sequence. For example, speech rec-
ognition may be performed 518 to generate a set of candidate
verbal commands. Subsequently, the final verbal command
may be selected from the set of candidate verbal commands
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based on the determination 510 of the driver’s gesture. Fur-
ther, one or more processes may be performed in parallel. For
example, generating 506 the depth images at the depth cam-
era 222 may be performed in parallel with generating 516 the
audio signal.

ALTERNATIVE EMBODIMENTS

In one or more embodiments, one or more cameras are used
to increase the accuracy of gesture detection. The cameras
may also capture color images. The color images may detect
skin tone that represents the driver’s hands. By correlating the
color images with depth images, the location of the hand or
forearm can be detected more accurately. Further, two or
more cameras may be located at different locations of the
ceiling or elsewhere in the vehicle 100 to complement or
supplant the depth images captured at one depth camera.

In one or more embodiments, one or more components of
the command processing system 200 may be embodied by a
remote server communicating with the command processing
system 200 installed in the vehicle 100. For example, the
speech recognition module 256 is embodied in a remote
server that communicates wirelessly with the command pro-
cessing system 200 installed in the vehicle 100.

In one or more embodiments, the command processing
system 200 is used in a transport apparatus other than a
vehicle. The command processing system 200 can be used,
for example, in airplanes or motorcycles.

Although several embodiments are described above, vari-
ous modifications can be made within the scope of the present
disclosure. Accordingly, the disclosure of the present inven-
tion is intended to be illustrative, but not limiting, of the scope
of the invention, which is set forth in the following claims.

What is claimed is:
1. A computer-implemented method of recognizing verbal
commands, comprising:

capturing at least one depth image by a depth camera
positioned in a vehicle, each of the depth image covering
at least part of a user and comprising pixels representing
distances from the depth camera to the at least part ofthe
user;

recognizing a pose or gesture of the user based on the
captured depth image;

generating gesture information based on the recognized
pose or gesture, the gesture information indicating a
direction pointed by the user outward of the vehicle
towards a point-of-interest outside the vehicle;

determining one or more devices among a plurality of
devices that are likely to be targeted by the user for an
operation by analyzing the gesture information and
without performing speech recognition on an audio sig-
nal including an utterance by the user;

selecting a plurality of verbal commands associated with
the one or more devices determined as likely being tar-
geted;

receiving the audio signal including the utterance by the
user at a time when the at least one depth image is being
captured; and

determining a device command for operating the one or
more devices likely being targeted by performing speech
recognition on the audio signal using the selected plu-
rality of verbal commands, the determined device com-
mand representing an action associated with the point-
of-interest.

2. The method of claim 1, wherein the at least part of the

user comprises a hand or a forearm of the user.
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3. The method of claim 1, wherein the depth camera is
installed in an overhead console in the vehicle, the depth
camera overlooking the user.
4. The method of claim 1, wherein the plurality of devices
comprise at least a navigation system and an entertainment
system in the vehicle.
5. The method of claim 1, wherein the gesture information
indicates whether a hand or forearm of the user is located
within a distance from the depth camera or beyond the dis-
tance from the depth camera, and wherein a first set of verbal
commands is selected responsive to the gesture information
indicating that the hand or the forearm is located within the
distance, and wherein a second set of verbal commands are
selected responsive to the gesture information indicating that
the hand or the forearm is located beyond the distance.
6. The method of claim 5, wherein the first set of verbal
commands is associated with performing navigation opera-
tions in the vehicle.
7. The method of claim 6, wherein the first set of verbal
commands comprises a command for identifying or setting
the point-of-interest for the navigation operations.
8. The method of claim 6, wherein the second set of verbal
commands is associated with operating an entertainment sys-
tem, a climate control system or a diagnostic system.
9. A command processing system for recognizing verbal
commands, comprising:
a depth camera positioned in a vehicle and configured to
capture at least one depth image by a depth camera, each
of the depth image covering at least part of a user and
comprising pixels representing distances from the depth
camera to the at least part of the user;
a gesture recognition module coupled to the depth camera,
the gesture recognition module configured to recognize
the pose or gesture of the user based on the captured
depth image and generate gesture information based on
the recognized pose or gesture, the gesture information
indicating a direction pointed by the user outward of the
vehicle towards a point-of-interest outside the vehicle;
a command extraction module configured to:
determine one or more devices among a plurality of
devices that are likely to be targeted by the user for an
operation by analyzing the gesture information and
without performing speech recognition on an audio
signal including an utterance by the user;

select a plurality of verbal commands associated with
the one or more devices determined as likely being
targeted;

receive the audio signal including the utterance by the
user while the depth camera is capturing the at least
one depth image; and

determine a device command for operating the one or
more devices likely being targeted by performing
speech recognition on the audio signal using the
selected plurality of verbal commands, the deter-
mined device command representing an action asso-
ciated with the point-of-interest.

10. The command processing system of claim 9, wherein
the at least part of the user comprises a hand or a forearm of
the user.

11. The command processing system of claim 9, wherein
the depth camera is installed in an overhead console in the
vehicle overlooking the user.
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12. The command processing system of claim 11, wherein
the depth camera comprises a stereovision camera feeding
captured images for processing into the at least one depth
image.

13. The command processing system of claim 9, wherein
the plurality of devices comprise at least a navigation system
and an entertainment system in the vehicle.

14. The command processing system of claim 9, wherein
the gesture information indicates whether a hand or forearm
of'the user is located within a distance from the depth camera
or beyond the distance from the depth camera, and wherein
the command extraction module selects a first set of verbal
commands responsive to the gesture information indicating
that the hand or the forearm is located within the distance and
selects a second set of verbal commands responsive to the
gesture information indicating that the hand or the forearm is
located beyond the distance.

15. The command processing system of claim 14, wherein
the first set of verbal commands is associated with performing
navigation operations in the vehicle.

16. The command processing system of claim 14, wherein
the first set of verbal commands comprise a command for
identifying or setting the point-of-interest for the navigation
operations.

17. The command processing system of claim 16, wherein
the second set of verbal commands is associated with oper-
ating an entertainment system, a climate control system or a
diagnostic system.

18. A non-transitory computer readable storage medium
for recognizing verbal commands, the computer readable
storage medium structured to store instructions, when
executed, cause a processor to:

capture at least one depth image by a depth camera posi-

tioned in a vehicle, each of the depth image covering at
least part of a user and comprising pixels representing
distances from the depth camera to the at least part ofthe
user;

recognize a pose or gesture of the user based on the cap-

tured depth image;

generate gesture information based on the recognized pose

or gesture, the gesture information indicating a direction
pointed by the user outward of the vehicle towards a
point-of-interest outside the vehicle;
determine one or more devices among a plurality of
devices that are likely to be targeted by the user for an
operation by analyzing the gesture information and
without performing speech recognition on an audio sig-
nal including an utterance by the user;
select a plurality of verbal commands associated with the
one or more devices determined as likely being targeted;

receive the audio signal including the utterance by the user
while the at least one depth image is being captured; and

determine a device command for operating the one or more
devices likely being targeted by performing speech rec-
ognition on the audio signal using the selected plurality
of verbal commands, the determined device command
representing an action associated with the point-of-in-
terest.
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